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(57) ABSTRACT 

The present invention provides a method for shaping a mask 
to reduce coating non-uniformity in the radial direction. A 
test run of the ion beam sputtering system coats a stationary 
glass plate having the same area and shape as the platen. The 
resulting coating thickness is measured across the surface of 
the glass plate and plotted as a function of position. This is 
the plot of the ?ux distribution. The coating rate pattern is 
determined by coating thickness by coating time. The 
desired Width of the mask, Which takes the form of a 
segment of a radial band is adjusted to obtain the desired 
average coating rate for the entire segment, masked and 
unmasked. This is repeated for each radial band. All these 
radial Widths put together design the functional form of the 
mask, the use of Which provides a uniform coating of the 
platen in a radial direction. 

5 Claims, 2 Drawing Sheets 
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METHOD OF SHAPING A FLUX MASK AND 
PROCESS OF SPUTTERING WITH THE 

SHAPED FLUX MASK 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method for optical 
coating. More speci?cally, the present invention relates to a 
method for compensating for radial variations in the coating 
rate of substrates on a rotating platen. 

2. Related Art 

Mirrors are used in ring laser gyroscopes to re?ect tWo 
counter propagating laser Waves in a laser cavity. The 
mirrors are made on a glass substrate coated With oxide 

layers. Each oxide layer has a speci?c thickness designed to 
meet spectral or other dielectric requirements. The oxide 
layers coated on each mirror alternate betWeen an oxide 
layer having a high index of refraction and an oxide layer 
having a loW index of refraction. For example, titanium 
dioxide (TiO2) is used for the high index oxide layers and 
silicon dioxide (SiO2) is used for the loW oxide index layers. 

The oxide layers are coated on the mirrors using ion beam 
sputtering (IBS). The mirrors are placed on a platen under a 
target plate containing the oxide or metal to be sputtered to 
form the oxides on the mirror. An ion beam gun bombards 

the target plate With argon ions, Which breakaWay oxide 
molecules or metal atoms from the target plate. The metal 
atoms form oxides in an oxygen ?lled background in the 
vacuum chamber. The oxide molecules then coat the surface 

of the substrates on the platen. 

A problem With IBS is that the ?ux of oxide molecules 
from the target plate is non-uniform, resulting in non 
uniform coating of the mirrors. The ?ux pattern is usually 
characteriZed by a peak ?ux With the ?ux dropping off in a 
radial direction from the peak ?ux. The non-uniform coating 
of the mirror is undesirable in ring laser gyroscopes because 
it causes distortions in the laser Wavefront. 

A conventional method to reduce the non-uniformity in 
the coating uses planetary motion of the mirrors. The mirrors 
are arranged in concentric circular roWs on substrate platens, 
Which rotate on a main platen. During coating, the center of 
the main platen rotates While the substrate platens rotate on 
the main platen. This causes the mirrors to trace a double 

rotating pattern, Which tends to average out the position of 
each mirror. This results in positional independence of the 
mirrors and coating uniformity. 
A problem With the planetary motion method is that it 

requires rotating the mirrors about tWo platen axis, Which 
drives up the cost of the coating apparatus. In addition, the 
planetary motion involves moving the mirrors over a Wide 
area. To cover the Wide area, the target plate has to be 
positioned farther aWay from the platens to Widen the 
traverse extent (diameter) of the ?ux area. This reduces the 
?ux, Which decreases With 1/distance2, Where the distance is 
betWeen the target plate and the platens. The reduction in the 
?ux results in a reduction in the coating rate of the mirrors, 
thereby increasing the coating time of the mirrors. 

Another method to reduce the non-uniformity in the 
coating is to rotate the mirrors about one platen axis. The 
mirrors are arranged in concentric circular roWs on a platen. 
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During coating, the platen rotates, Which tends to average 
out the angular position of the mirrors With respect to the 
platen axis. This results in angular positional independence 
of the mirrors and coating uniformity in the angular direc 
tion. This method is more cost effective than the planetary 
motion method because the mirrors only rotate about one 
platen axis. In addition, the mirrors move over a smaller area 

compared to the planetary method, alloWing the target plate 
to be positioned closer to the platen. This increases the ?ux 
and hence the coating rate of the mirrors. 

A major problem With the single axis rotation method, 
hoWever, is that it does not reduce the non-uniformity in the 
coating in the radial direction. In addition, positioning the 
target plate closer to the platen causes the ?ux pattern to drop 
off more rapidly from the peak ?ux, resulting in even greater 
non-uniformity in the radial direction. 

Therefore, there is a need for a mirror coating method that 
reduces the non-uniformity of the coating in both the angular 
and radial direction, While still maintaining the cost effec 
tiveness and high coating rate of the single axis rotation 
method. 

SUMMARY OF THE INVENTION 

The present invention provides a quick and easy method 
for a mask shape to reduce coating non-uniformity in the 
radial direction. Atest run of the ion beam sputtering system 
coats a stationary glass plate having the same area and shape 
as the platen. The resulting coating thickness is measured 
across the surface of the glass plate and plotted as a function 
of position. This plot is the plot of the ?ux distribution. The 
coating rate pattern is determined by coating thickness by 
coating time. The desired Width of the mask, Which takes the 
form of a segment of a radial band, is adjusted to obtain the 
desired average coating rate for the entire segment, masked 
and unmasked. This is repeated for each radial band. All 
these radial Widths put together design the functional form 
of the mask, the use of Which provides a uniform coating of 
the platen in a radial direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The exact nature of this invention Will be readily apparent 
from consideration of the folloWing detailed description in 
conjunction With the accompanying draWings, Wherein: 

FIG. 1 shoWs a mapping of ?ux pattern on a substrate 

platen used to generate a mask according to the present 
invention. 

FIG. 2 is a graph of a calculated mask shape generated 
according to the present invention. 

FIG. 3 is a graph of the mask shape of FIG. 2 superim 
posed over the ?ux pattern of FIG. 1. 

FIG. 4 is a top vieW schematic of a platen holding a 
substrate to be coated and a mask according to the present 
invention positioned over the substrate. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The folloWing description is provided to enable any 
person skilled in the art to make and use the invention and 
sets forth the best modes contemplated by the inventors of 
carrying out their invention. 
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The coating method of the present invention is for an IBS 
coating apparatus comprising a target plate containing oxide 
and a platen below the target plate for holding mirrors to be 
coated With the oxide. The mirrors on the platen are arranged 
in concentric circular roWs centered at the platen aXis. 
During coating of the mirror, the platen is rotated to reduce 
non-uniformity in the coating in the angular direction With 
respect to the platen aXis. 

To reduce radial variation of the coating, the method of 
the present invention provides a mask, positioned betWeen 
the target plate and the platen, for partially blocking the ?uX. 
The Width of the mask varies in the radial direction to 
provide varying amounts of ?uX blockage in the radial 
direction. The radial variation in the ?uX blockage alloWs the 
mask to compensate for radial variations in the coating rate 
by providing more ?uX blockage for radial distances having 
a higher coating rate. That Way, the radial variation in the 
?uX blockage of the mask cancels out the original radial 
variation in the coating rate, resulting in a uniform coating 
of the mirrors. 

FIG. 4 shoWs a top vieW of a circular platen 7 having three 
concentric circular roWs 15, 16 and 18 of mirrors 10 
centered at the platen aXis 19. Also shoWn is a symmetrical 
mask 22 positioned betWeen the platen 7 and a target plate 
(not shoWn) being held in place over the platen 7 by an arm 
30. The mask 22 eXtends in the radial direction from the 
inner circumference 17 of the innermost roW 18 to the outer 
circumference 19 of the outermost roW 15. The mask 22 is 
divided into three angular segments 25a,b, 26a,b and 27a,b, 
Where each angular segment provides ?uX blockage for one 
of the roWs 15, 16 and 18. Each of the angular segments 25, 
26 and 27 are held to the arm 30 by mechanical fasteners 24 

passing through slots 28 in each of the segments 25a,b, 
26a,b and 27a,b. The ?uX blockage betWeen the roWs 15, 16 
and 18 is adjustable With respect to the angular Width and 
edge slope of the segments 25, 26 and 27 by sliding and 
tilting the individual segments 25a,b, 26a,b and 27a,b With 
respect to the arm 30. The angular Width is adjusted by 
sliding the segments 25, 26 and 27 across the arm 30. The 
edge slopes are adjusted by changing the angle of the edge 
pieces. 

Another method for adjusting the average angular Width 
and edge slope of the segments 25, 26 and 27 is to replace 
the segments from a collection of segments With different 
angular Widths and edge slopes. 
A method for generating the mask Will noW be described 

With reference to FIGS. 1 and 2. The ?rst step is to map the 
coating thickness on a large stationary glass plate covering 
the area of the platen. The glass plate is placed under the 
target plate and coated With an oXide layer having a conve 
niently measurable thickness. The coating time of the glass 
plate can be made much shorter than the coating time of the 
mirrors. After coating, an ellipsometer measures the coating 
thickness on the glass plate as a function of position. Using 
these measurements, a mapping of the coating thickness 
Which corresponds to the ?uX pattern is made, as shoWn in 
FIG. 1. A mapping of the coating rate can then be made by 
dividing the mapping of the coating thickness by the coating 
time of the glass plate. In addition, the radial variation in the 
coating rate can be calculated by averaging the coating rate 
along circles on the mapping of the coating rate centered at 
the platen aXis 19. 
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4 
The angular Width of the mask as a function of the radial 

distance from the platen aXis 19 can then be found for a 
desired uniform coating rate. This is done by determining 
the angular Width at several different radial distances result 
ing in the desired uniform coating rate, and then interpolat 
ing the angular Width betWeen the determined angular 
Widths using a smoothing function. To produce a symmetri 
cal mask, the angular Widths are centered along a radial line 
from the platen aXis 19. The radial line also determines the 
angular position of the mask With respect to the platen aXis 
19. 
The angular Width at a particular radial distance is deter 

mined by, ?rst, ?nding the circle on the mapping of the 
coating rate corresponding to the radial distance. The coat 
ing rate as a function of the angular Width is then found by 
blocking the portion of the circle subtended by the angular 
Width and averaging the coating rate in the unblocked 
portion of the circle. The angular Width resulting in the 
desired coating rate is then determined by adjusting the 
angular Width until the desired coating rate is reached. The 
angular Width at the other radial distances is determined in 
the same manner. 

Once the functional form of the mask is knoWn, the shape 
2 of the mask can be graphed as shoWn in FIG. 2. The graph 
of the mask shape is superimposed on a circle 4 representing 
the area of a platen 7. The circle 4 is divided by radial lines 
5 representing different angular positions With respect to the 
platen aXis 19. The angular Widths and edge slopes of the 
mask segments 25, 26 and 27 in FIG. 4 are adjusted to match 
the shape 2 (FIG. 2). Note that only a portion of the shape 
2 in FIG. 2 is used to generate the mask in FIG. 4. This is 
because the mask in FIG. 4 only needs to provide ?uX 
blockage for the three roWs 15, 16 and 18 of mirrors 10 on 
the platen 7. 
The angular Width of the mask is constrained by the Width 

of the arm 30 holding the angular segments 25, 26 and 27 in 
place. This is because the angular Width of the mask can not 
be smaller than the Width of the arm 30. OtherWise, the 
pro?le of the arm, instead of the mask, Will determine the 
?uX blockage. Therefore, When generating the mask, the 
angular Width should not be made smaller than the Width of 
the arm 30. 

Preferably, the mask is positioned over a loW ?uX area of 
the platen as shoWn in FIG. 3. This is because the coating 
rate is less sensitive to changes in the shape of the mask over 
a loW ?uX area compared to a high ?uX area. This makes it 

easier to adjust the angular segments 25, 26 and 27 to 
achieve a desired uniform coating rate. Remember that the 
loW ?uX area corresponds to the loW coating thickness area 
on the mapping of the coating thickness in FIG. 1. 

Those skilled in the art Will appreciate that various 
adaptations and modi?cations of the just-described preferred 
embodiment of the invention can be con?gured Without 
departing from the scope and spirit of the invention. For 
example, even though a symmetrical mask Was described, 
one skilled in the art Will appreciate that an asymmetrical 
mask can also be used. In addition, even though the mask 
Was described as comprising several angular segments, one 
skilled in the art Will appreciated that the mask can be a 
single piece. Therefore, it is to be understood that, Within the 
scope of the appended claims, the invention may be prac 
ticed other than as speci?cally described herein. 
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What is claimed is: 
1. A method for determining a ?ux mask shape for use in 

uniform optical coating of a plurality of mirrors by ion beam 
sputtering; said plurality of mirrors deposited in circumfer 
ential roWs on a platen, the steps of the method comprising: 

creating a map of coating thickness as a function of 
position on the platen by covering the platen With a 
stationary plate and applying a test coating for a 
predetermined coating time to the stationary plate; 

determining coating rate as a function of position on the 
platen by dividing the map of coating thickness by the 
coating time; and, 

shaping the ?ux mask, said mask comprising a plurality of 
mask segments attached to an arm and aligned along 
and above the circumferential roWs of mirrors, by 
selecting an angular Width for each mask segment 
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along a radial line of the platen Which provides a 
uniform coating rate along the platen radius. 

2. The method of claim 1 Wherein the step of creating a 

map further comprises measuring the test coating With an 
ellipsometer. 

3. The method of claim 1 Wherein the step of shaping the 
?ux mask further comprises determining an edge slope for 
each mask segment. 

4. The method of claim 1 Wherein the arm of the ?ux mask 

has a Width and the angular Width of a mask segment is 
greater than the Width of the arm. 

5. The method of claim 1 further comprising the step of 
positioning the ?ux mask over a loW ?ux area of the platen. 

* * * * * 


